ABSTRACT. Nucleotide-binding oligomerization domain-like receptors (NLRs) play a key role in the innate immune response as patternrecognition receptors. However, the role of NLRC5, which is a member of the NLR family, in NF-κB activation and MHC-I expression remains debatable. Infection with the J group avian leukosis virus (ALV-J) can result in immunosuppression and a subsequent increase in susceptibility to secondary infection. This results in huge economic losses to the poultry industry worldwide. Using quantitative real-time polymerase chain reaction (qRT-PCR), we investigated the mRNA expression levels of NLRC5 signal pathway-related genes in secondary chicken embryo fibroblasts 7 days after infection with ALV-J. The results indicated that, compared with the control groups, the expression levels of TLR7, MHC-I, and IL-18 increased significantly in the infected groups at 7 days post-infection (d.p.i.). The expression levels of NLRC5 and IL-6 were conspicuously downregulated at 7 d.p.i., but the expression levels of NF-κB, STAT1, and STAT3 were not significantly altered. These results suggest that NLRC5 and some genes involved in the NLRC5 pathway play a key role in antiviral immunity, typically the response to ALV-J infection. Moreover, MHC-I expression levels vary between different cell types.
INTRODUCTION
Avian leukosis, which is caused by avian leukosis viruses (ALVs), reduces growth rate and egg production in chickens (Gavora et al., 1980; Stedman and Brown, 1999) . This results in significant economic losses in the broiler industry worldwide. ALVs are retroviruses that induce malignant neoplasms in poultry; those that infect chickens can be divided into seven subgroups according to their envelope antigens. ALV subgroup J (ALV-J) is linked to an increased incidence of tumor formation, immunosuppression, and ensuing high mortality rates (Wang et al., 2011) . Despite current purification strategies, ALV-J remains a serious problem in the poultry industry because there is no effective means of dealing with it.
Nucleotide-binding oligomerization domain-like receptors (NLRs) are intracellular receptors that can respond to pathogen attacks or cellular stress. Emerging evidence suggests that the NLR family members also play a crucial role in antiviral responses (Lamkanfi and Kanneganti, 2012; Zhao and Shao, 2012) . NLRC5, the largest member of the NLR protein family, has been identified as a critical regulator of innate and adaptive immune responses (Yao and Qian, 2013) . As with other NLRs, NLRC5 contains three structural domains: the N-terminal atypical caspase activation and recruitment domain; the centrally located NACHT domain; and 27 leucine-rich repeats at the C-terminal (Lian et al., 2012) . Recently, NLRC5 has been shown to play a role not only in the regulation of the inflammasome signaling pathway, but also in the NF-κB pathway, and antiviral innate immune responses (Cui et al., 2010; Kuenzel et al., 2010; Neerincx et al., 2010; Allen et al., 2011) . Although NLRC5 plays a key role in antiviral responses, its role in innate immunity remains controversial and unresolved; recent research has offered discrepant functions for NLRC5 in innate and adaptive immunity (Cui et al., 2010; Kumar et al., 2011) , which require further studies to resolve.
In the current study, we compared the expression of genes that related to the NLRC5 signal pathway in ALV-J-infected and control groups, and investigated gene expression changes in the NLRC5 signal pathway, with the aim of providing a new basis for the better understanding of NLRC5 function in the chicken immune response.
MATERIAL AND METHODS

Infection of chicken embryo fibroblasts (CEFs) with ALV-J virus
Primary cultures of CEFs derived from 10-day-old specific-pathogen-free chicken embryos (Jinan Sais Poultry Co., Ltd., Shandong Province, China) were deposited in 25-cm 2 cell-culture flasks. After several days, the cells were passaged and seeded at a concentration of approximately 10 6 cells/well on 6-well culture plates. Throughout derivation and culture, the cells were grown in Dulbecco's modified Eagle's medium (Hyclone, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco, USA) in a humidified incubator at 37°C and 5% CO 2 . The cells were then infected with 100 TCID 50 (50% tissue culture infective dose) ALV-J strain, obtained from Shandong Agricultural University, China. After 3 h of incubation, the virus was removed and the cells were further incubated in media with 1% FBS. Host-virus interactions were tested in duplicate wells, which were harvested 0, 24, and 168 h post-infection for RNA extraction.
RNA extraction and complementary DNA (cDNA) synthesis
Total RNA was extracted from each sample using the TRIzol method and the concentration and quality of RNA were detected using a NanoDrop 1000 spectrophotometer (Thermo Fisher). cDNA was synthesized using a FastQuant RT Kit (with gDNase) (Tiangen, China) according to the manufacturer instructions, and stored at -20°C until required for real-time PCR testing.
Real-time PCR
According to the sequences of the NLRC5 pathway-related and housekeeping genes published on the GenBank database, primers were designed using the Oligo7.0 software and synthesized by the Shanghai Sangon Biotechnology Company (Table 1) .
Real-time PCRs were performed on an ABI 7500 Real-time PCR Detection System (Applied Biosystems, USA) with Ultra SYBR Mixture reagent (with ROX) (CoWin Biotechnology Company, China). The 20-µL reaction volume comprised 10 µL 2X Ultra SYBR Mixture (with ROX), 0.5 µM each primer, and 2 µL cDNA. The following PCR cycling profile was used: one single step at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min, ending with a melting curve analysis of 95°C for 15 s, 60°C for 1 min, 95°C for 15 s, and 60°C for 15 s.
Statistical analysis of data
Statistical significance was determined by the t-test using the SPSS v13.0 software, and a value of 0.05 was considered significant when compared with the respective controls. The results are represented as 2 -∆∆Ct . 
RESULTS
mRNA expression levels of ALV-J transmembrane protein GP37
The transmembrane protein encoded by the GP37 gene plays a critical role when virus fusion with the cell membrane occurs. In this study, the GP37 gene was used for the detection of ALV-J load at 1 and 7 days post-infection by relative PCR quantitative testing. ALV-J load was measured as the ALV-J relative copy number.
The results revealed that at 7 days after ALV-J infection, the relative expression levels of the ALV-J GP37 gene, which encodes a transmembrane protein, were considerably elevated (Figure 1 ). Therefore, we investigated the NLRC5-mediated antiviral pathway and inflammatory cytokines in CEF cells infected with avian leukosis virus at 7 days. 
Gene expression changes in the NLRC5 signal pathway at 7 days post-ALV-J infection
As can be seen from Figure 2 , the expression levels of TLR7, MHC-I, and IL-18 were significantly upregulated in ALV-J-infected secondary CEF cells compared with the negative controls at 7 days post infection (d.p.i.) (P < 0.05). The expression levels of NLRC5 and IL-6 showed sharp downregulation (P < 0.05), and STAT1 expression decreased in infected groups compared with control groups at 7 d.p.i. However, there were no significant differences in the expression levels of NF-κB and STAT3 between the virus-treated and control groups at 7 d.p.i. in the secondary CEF cells. Figure 2 . Gene mRNA expression changes (i.e., control group levels/infected group levels) in chicken embryo fibroblast (CEF) cells at 7 days after J group avian leukosis virus (ALV-J) infection (*P < 0.05).
DISCUSSION
Viral RNA is recognized by Toll-like receptors and RIG-I-like receptors; TLR7 recognizes single-strand RNA and induces the innate immune response (Oshiumi et al., 2011) . TLR7 transduces the virus infection signal and triggers downstream signaling events, such as the activation of NF-κB and inflammatory cytokines (Zeng et al., 2014) . In this study, two cytokines, IL-6 and IL-18, were chosen for detection and analysis because they are the most important signaling molecules in the immune response. IL-6 is a multifunctional cytokine and is closely involved in oncogenesis owing to its influence on the differentiation of CD4+ cells (McGovern et al., 2012; Tippenhauer et al., 2013; Moon et al., 2014) . IL-18 is a proinflammatory cytokine, and can be expressed extensively in a wide variety of cells.
In the present study, the significant increases in the expression levels of TLR7, MHC-I, and IL-18 at 7 d.p.i. in CEF cells might be attributable to the rapid replication of ALV-J, which induces antiviral immunity, as shown in Figure 1 . In this study, we observed an IL-18 expression pattern that was similar to that reported by Gao et al. (2015) in ALV-J infections in vivo. The discrepancies between the two observations might be attributable to the different objects infected by the virus at different time-points. Research has shown that NLRC5 might negatively regulate NF-κB-dependent responses (Cui et al., 2010) . However, in this study, at 7 d.p.i. the expression of NLRC5 was conspicuously downregulated, although there was no significant change in the level of NF-κB expression. This might depend on the detection time-point, which we may have missed.
MHC-I plays a vital role in the immune defense against viruses and tumors. Two recent reports revealed a potential involvement of NLRC5 in MHC class I gene expression, but arrived at opposing conclusions (Benko et al., 2010; Meissner et al., 2010) . Benko et al. (2010) showed that NLRC5 is a negative modulator in RAW264.7, whereas Meissner et al. (2010) found that NLRC5 might enhance MHC-I expression by activating the promoters in HeLa, HEK293T, and Jurkat cells. In this study, the expression levels of MHC-I at 7 d.p.i. increased sharply while NLRC5 expression levels conspicuously decreased; we agree with Benko et al. (2010) . In NLRC5-deficient B cells from the spleen and CD11c+ dendritic cells, the expression of MHC-I decreased (Biswas et al., 2012) . Obviously, MHC-I is involved in antiviral immunity, and we can conclude from this study that the type of host cell influences the outcome.
